





Background 


During the Apollo and Viking programs, NASA 
needed to know how the rocket exhaust would 
affect the soil on the Moon and Mars. 

A number of studies were done during the 50’s 
through 70’s 

Existing models are crude and do not predict 
mass-rate or trajectories of ejected material 



Must Protect Spacecraft from Itself 


• Landing visibility 

• Contamination of 
mechanisms 

• Jamming or spoofing 
sensors 

• Erosion of coated 
surfaces 

• Pitting of optics 



Must Protect Surrounding Hardware 


• Land too close: 

- Damage 

- Contamination 

- Excessive blast 
hardening required 

• Land too far away: 

- Excessive umbilical 
lengths & mass 

- Excessive travel 
between sites 




Early Need to Validate Protective Measures 


Currently unable to 
specify berm height 
and radius 

Berm size drives 
excavator size and 
operating time 

Must specify surface 
asset hardening 
requirements in 
design phase 
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Plume / Regolith Interactions 



Viscous Erosion 



Regions of maximum traction 
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Viscous Erosion 
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Studies of VE 


Bagnold: The Physics of Blown Sand and 
Desert Dunes 

- Fudge factors that cannot be extrapolated 

- Slow wind, terrestrial atmosphere, log-normal 
particle size distributions of sand 

Leonard Roberts 

-Assumes mechanical surface shear stress 

Experimental Work in Vacuum Chambers 
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Paradigm ca. Apollo Program 


Lower Thrust 


Higher Thrust 


Higher Shear Strength 


Lower Shear Strength 


Lunar Case 



Martian Case 



r 



^ KSd 





retold — efoyledl 



Deepest sand layer brought up through center of crater 
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Movie of deep cratering 
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Movie of “slower” deep cratering 
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Movie of self-limiting cratering 








Viscous Erosion 



Paradigm ca. Apollo Program 
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New Paradigm 
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